Objective: Many sleep disorders involve frequent, brief arousals, not appreciated during conventional sleep stage scoring due to lack of electroencephalogram (EEG) desynchronization. We evaluated the temporal relation between heart rate (HR) changes, an index of autonomic activation, and EEG in seven healthy subjects during sleep. Methods: We identified bouts of tachycardia-bradycardia and performed spectral analysis of EEG during these. We also identified cortical arousals by the appearance of EEG alpha activity. This allowed us to dichotomize bouts of tachycardia-bradycardia by presence or absence of cortical arousal. Results: During non-rapid eye movement (REM) sleep, bouts with or without cortical arousal occurred with approximately equal frequency. Those with cortical arousals usually preceded onset of EEG changes. Those without cortical arousals were followed by increases in delta but not alpha power. EEG did not change during bouts in REM sleep. Conclusions: Capturing bouts of tachycardia-bradycardia is relatively easy via computerized algorithm. Bouts occur with cortical arousal or with slow wave synchronization suggestive of subcortical arousal. Thus, changes in HR may be useful index of arousal. Significance: These brief bursts of tachycardia-bradycardia are consistent with autonomic arousal. Such a measure may be among the first in a continuum of arousal ending with frank awakening.
Introduction
Many sleep disorders involve frequent, brief arousals that are not appreciated during conventional sleep stage scoring because they do not cause electroencephalogram (EEG) desynchronization. Such arousals are a common feature of normal aging and may be clinically relevant as well. Hence analysis of the microstructure of the sleep profile has become more important not only in developing more sensitive measures of arousal but also in understanding the mechanisms for their occurrence (Halász et al., 2004) .
A task force of the American Sleep Disorders Association (ASDA) has defined a set of scoring rules and has provided examples for coding EEG arousals during sleep (ASDA, 1992) . On the other hand, Pitson and Stradling (1998) suggested that non-EEG markers might be important and even more reliable signs of arousals than the EEG. For example, it is known that somatosensory and auditory stimulation during sleep can produce alterations in cardiac, respiratory, and somatic measures without overt EEG desynchronization (Halász, 1993; Carley et al., 1997; Winkelman, 1999) . These changes are thought to reflect activation of the brainstem or subcortical arousal system without affecting the cortex. The fact that arousals can begin from subcortical as well as cortical loci supports the idea that there may be a continuum of arousals (Halász et al., 2004 ) -perhaps beginning with primitive subcortical
